Study design: Cross-sectional. Objectives: To compare differences in self-reported health status, participation and life satisfaction outcomes between adults with a spinal cord injury (SCI) sustained during paediatric (P) versus adulthood (A) years. Setting: Ontario, Canada. Methods: Secondary analysis of data from the Study of Health and Activity in People with SCI (SHAPE-SCI). Eighty-seven participants who sustained an SCI prior to age 19 (M ± s.d. = 24.1 ± 14.0 years postinjury (YPI)) were matched for lesion level (C2-L5), severity (complete/incomplete), gender, age, education and ethnicity with 87 participants who sustained an SCI at ⩾ age 19 years (M YPI = 12.8 ± 10.0). Results: Those with a paediatric SCI reported significantly less pain, fewer visits to the physician in the past year, greater functional independence, social participation, occupational participation and minutes per day of moderate-to-heavy physical activity than those who sustained an SCI in adulthood. No significant differences were found for the measures of depression, perceived health status or life satisfaction (P40.05). With the exception of moderate-to-heavy physical activity and visits to the physician in the past year, between-group differences were independent of YPI. Conclusions: Regardless of time since injury, people who sustained a paediatric SCI reported better health and greater participation than those injured in adulthood. Nevertheless, both groups scored well below able-bodied normative values for all measures. The results highlight the importance of a comprehensive life-course approach to SCI rehabilitation, irrespective of age at the time of injury.
INTRODUCTION
It is well documented that adults with spinal cord injury (SCI) have poorer health and psychological well-being and lower rates of participation than adults in the able-bodied population. 1 However, there may be differences in outcomes for those who sustained a SCI during their childhood/youth versus adulthood. Identification of such differences is important for ensuring that any distinct needs of these two groups are met.
A small body of literature has attempted to compare aspects of health, psychosocial well-being and participation among adults who sustained an SCI during childhood/youth versus adulthood. [2] [3] [4] [5] [6] Several of these studies have involved collecting data from participants who sustained an SCI during childhood/youth and comparing the results to previously published data collected from individuals who sustained an SCI during adulthood (for example, data obtained via the US SCI Model Systems (National Spinal Cord Injury Statistical Centre 1 )). For instance, in one study, 216 younger adults (mean age = 29 years) who had sustained an SCI in childhood/youth completed a survey regarding medical complications experienced over the previous 3 years. 7 Hwang et al. 6 suggested that the prevalence rates of urinary tract infections, autonomic dysreflexia, pressure ulcers, bladder and bowel incontinence and urinary tract stones found in that sample were comparable to those observed in adult-sustained SCI samples. [8] [9] [10] [11] In another study, 283 adults with paediatric-sustained SCI (mean age = 34 years) were interviewed to assess employment outcomes over time. 6 The authors discussed their findings relative to data collected through 18 SCI Model Systems. 12 They concluded that the employment rates of their sample were similar to the rates reported in the model systems data for respondents with an associate's or a bachelor's degree but were much higher for those with a postbaccalaureate degree. The authors noted, however, that their sample was younger than the model systems cohort, and the age difference could have confounded their results. Indeed, an important limitation of studies that have used this approach for comparing data from adults with a paediatric-versus adulthood-sustained SCI is that the samples are not matched for key injury-related (for example, injury severity, time since injury) or demographic variables (for example, gender, ethnicity) that could be related to the outcomes of interest. Another limitation is that, although these studies have typically concluded that the two cohorts have similar outcomes, such conclusions have not been confirmed by statistical analyses.
A few studies have used statistical methods to compare outcomes among those with paediatric-versus adult-sustained SCI. These studies have produced mixed findings. For example, in a study conducted in the United States, people who sustained an SCI at age ⩽ 15 years had a 31% increase in their annual odds of mortality compared with those injured at age ⩾ 16 years. 13 No risk factors or causes of mortality were measured that could explain these findings, but the authors proposed that complications associated with paediatric SCI could contribute to increased mortality. Notably, differences in mortality held after controlling for participants' age, sex, race, injury severity and era of injury.
In contrast, a study of Finnish adults with SCI revealed that people who sustained an SCI at age o17 years reported significantly better perceived health and greater overall health-related quality of life than those injured in adulthood. 14 On a set of single-item measures, the group with paediatric-sustained injuries also reported a higher level of employment, but no differences in functioning, social participation, pain, depression or distress compared with the group with a SCI sustained in adulthood. The analyses did not control for any betweengroup differences in injury-related or demographic characteristics. However, in a study conducted in the United Kingdom, a group of adults who sustained an SCI before the age of 16 years were matched for the injury level and time since injury (but not for demographics). No between-group differences emerged on a standardized measure of depressive symptoms. 15 Despite the use of statistical methods, it is still difficult to draw conclusions from this set of studies. Not only are the findings inconsistent but also insufficient matching and controlling for confounds, 14, 15 the use of single-item measures of complex constructs 14 and the lack of data on specific aspects of health and well-being 13 make it difficult to determine whether differences do exist between adults with paediatric-versus adult-sustained SCI. This is an important research question; such differences could have implications for rehabilitation and reintegration after injury and lead to the formulation of recommendations for policy reform to provide the best care for those with SCI.
The purpose of the present study was to statistically test for differences in health (physical and mental), participation and life satisfaction outcomes in samples of adults with a paediatric-versus an adult-sustained SCI. To address the limitations of previous research, both samples were drawn from the same cohort study and matched for injury-related and demographic variables. Well-validated, multiitem measures were used to assess the outcomes of interest. Although the limitations and ambiguities of the existing research made it difficult to formulate hypotheses, tentative predictions were made. Given the higher odds of mortality observed for those with a paediatric-sustained SCI, 13 this group was expected to report poorer health-related outcomes than those who sustained an SCI in adulthood. However, given evidence of greater employment and healthrelated quality of life in samples with paediatric-sustained injuries, 6, 14 this group was expected to report higher scores on measures of participation and life satisfaction than the group who had sustained an SCI during adulthood.
METHODS Participants
This study was a secondary analysis of data collected in the Study of Health and Activity in People with SCI (SHAPE-SCI). All applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. Participants were recruited from four rehabilitation and research centres across Ontario, Canada. Study inclusion criteria were participants who incurred a traumatic SCI at least 12 months prior to study enrolment, used a mobility device outside of the home and were at least 18 years of age. The SHAPE-SCI data set included 87 participants who sustained an SCI prior to age 19 years. These individuals were matched (in order of priority) for lesion level, injury severity, gender, age, level of education and ethnicity with 87 SHAPE-SCI participants injured at age ⩾ 19 years. The strong negative correlation between years postinjury (YPI) and age rendered it impossible to match for both of these characteristics. A decision was made to match based on age (see Table 1 ) and to conduct analyses to determine whether YPI confounded the interpretation of any observed differences (refer to 'Data analyses' section).
Procedure
A full description of the SHAPE-SCI methods has been previously reported (Martin Ginis et al. 16 ). To briefly summarise the protocol, 695 men and women with SCI were enrolled in an 18-month observational study. For this secondary analysis, only baseline data were analysed. Research Ethics Board approval was obtained by all four data collection sites, and all participants provided informed consent. 
Measures
Health measures. Functional independence was assessed using the 13-item motor subscale of the Functional Independence Measure (FIM). 17 Response options range from 1 to 7 where higher scores represent greater independence (1 = complete dependence and 7 = complete independence). FIM motor scores have shown adequate inter-rater reliability when comparing clinician scores to self-report scores in a sample of 40 men and women with chronic SCI (r = 0.73). 18 The FIM has been validated against the Walking Index for Spinal Cord Injury and the Berg Balance Scale in 141 people with SCI at acute care entry, 3, 6 and 12 months after injury, demonstrating strong correlations with these measures (r = 0.73-0.77 and r = 0.72-0.77, respectively). 19 Pain and general health were measured with the Short Form (36) Health Survey (SF-36). 20 A single question asked participants' general perception of health and was rated on a 5-point scale (1 = poor and 5 = excellent). In addition, four health-related statements (for example, 'I seem to get sick a little easier than others' and 'I expect my health to get worse') were rated for how true or false the statements were on a 5-point Likert scale (1 = definitely true and 5 = definitely false). Bodily pain severity over the past 4 weeks was assessed on a 6-point scale (1 = none and 6 = very severe). The extent to which bodily pain had interfered with normal work was evaluated on a 5-point scale (1 = not at all and 5 = extremely). Analyses of inter-rater reliability have been conducted in 20 people with chronic SCI and shown adequate intraclass correlation coefficients (ICCs) of 0.4 and 0.7 for the health and pain subscales, respectively. 21 Construct validity of the general health and pain subscores of the SF-36 were assessed comparing scores with the Behavioural Risk Factor Surveillance System subscales and have demonstrated moderate correlations of 0.4 and 0.5 in a sample of 183 US veterans with SCI. 22 Physician visits were evaluated using a single item from the Health Care Utilisation Inventory. 23 Participants were asked the number of times they had visited a physician in the past 6 months. 23 This item has shown excellent testretest reliability in a small sample of patients with chronic disease (r = 0.76). 23 Validity has not been reported for this measure.
Depressive symptoms were measured using the Patient Health Questionnaire (PHQ-9). Frequencies of 9 Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition criteria items were assessed on a scale of 0-3 (0 = not at all and 3 = nearly every day). 24 The PHQ-9 has been examined in 6000 clinical patients and demonstrated excellent test-retest reliability (r = 0.84). 24 Moderate correlations between total PHQ-9 scores and prevalence of Major Depressive Disorder have been shown in 727 US patients with SCI (r = 0.5). 25 Participation measures. Participation in leisure time physical activity was assessed using the Physical Activity Recall Assessment for People with Spinal Cord Injury (PARA-SCI). 26 A telephone-based interview was conducted where participants were asked to recall the duration and intensity of all activities (including both activities of daily living and leisure time physical activity) performed in the morning, afternoon and evening over the past 3 days. Only moderate-heavy intensity leisure time physical activity was used in this secondary analysis, as this is the intensity supported to improve fitness. 27 When administered to 102 men and women with chronic SCI, the PARA-SCI demonstrated similar or superior test-retest reliability for moderate-and heavy-intensity physical activity (average ICC = 0.75 and 0.79, respectively) in comparison with other known measures of physical activity (for example, Godin Leisure Time Exercise Questionnaire, CARDIA Physical Activity Questionnaire). 26 The PARA-SCI has also been shown to be the best estimate of physical activity energy expenditure in a small sample of people with SCI when compared with doubly labelled water (r 2 = 0.62). 28 Occupational and social participation activities were assessed using the Craig Handicap Assessment and Reporting Technique (CHART). 29 As part of the CHART measure, the seven-item Occupation and the six-item Social Integration subscales were used for the present analysis. Each subscale has a maximum score of 100, indicating no disability. 29 In a sample of 135 participants recruited from eight of the model SCI centres, high test-retest reliability (range = 0.80-0.95) was demonstrated when administering the CHART at baseline and at 1 week follow-up. 30 Discriminant validity was assessed in a sample of employed versus unemployed Japanese SCI patients showing significantly higher CHART occupation scores in those who declared an employed status. 31 CHART Social Integration was very strongly correlated with the Community Integration Questionnaire-Social Integration scores in 28 participants with chronic SCI (r = 0.77). 32 Life satisfaction was measured using the Satisfaction with Life Scale (SWLS). 33 Five questions related to life satisfaction set in the present, past and future were answered on a seven-point Likert scale (1 = strongly disagree and 7 = strongly agree). A review of the quality-of-life studies in people with SCI reported the SWLS 2-week test-retest reliability values to be low-moderate (ICC = 0.39-0.65). 34 In a sample of 225 people with recently acquired SCI, the SWLS demonstrated strong and significant correlations with both the Life Satisfaction Questionnaire and the Life Satisfaction measure (r = 0.59-0.6). 35 Normative values for the above measures in able-bodied populations from Canada are presented for comparison (Table 2) . Normative values that were reported on a different scale than what was previously published for the SHAPE-SCI data set were converted to match the same scales of the SHAPE-SCI data for comparison. As such, SF-36 pain scores were converted from percentage values to a score out of 11, and the general health scores were converted from percentages to a 5-point scale.
Data analyses
Demographic and injury-related data were summarised using descriptive statistics and compared between groups using a t-test and χ 2 analyses. Paired-samples, two-tailed t-tests were conducted to test for between-group differences on each study measure.
As noted in the 'Participants' section, participants could not be matched for YPI. Furthermore, YPI could not be used as a covariate in an analysis of covariance to compare outcomes across groups, because this would violate the analysis of covariance assumption of independence of the independent/grouping variable and covariate. 36 Nevertheless, we wanted to have confidence that any observed differences on the outcome measures reflected differences based on when participants were injured (that is, childhood/youth versus adulthood) rather than differences in YPI. Accordingly, two-tailed, Pearson productmoment correlations were computed to test the independence of YPI and each outcome measure. If an outcome measure was not significantly correlated with YPI (that is, P40.05), then significant between-group differences on that measure could be attributed to differences in when the injury occurred rather than differences in YPI.
RESULTS
Regarding the health-related measures, contrary to hypothesis, participants who sustained a paediatric SCI reported significantly greater functional independence, t(86) = 2.3, P = 0.03, less pain, t(86) = − 2.5, P = 0.02, and fewer visits to the doctor in the past year, t(86) = − 2.1, P = 0.04, than participants injured during adulthood. No significant differences were found for the measures of perceived health status or depressive symptoms (Ps40.05).
With regard to participation, as hypothesised, study participants who sustained an SCI in their childhood/youth reported more minutes of moderate-heavy leisure time physical activity, t(86) = 1.9, P = 0.05, and scored higher on measures of social participation, t(84) = 2.1, P = 0.04, and occupational participation, t(80) = 2.2, P = 0.03, than participants who sustained an SCI in adulthood.
Regarding life satisfaction, contrary to hypothesis, there were no significant between-group differences.
Correlational analyses revealed small, albeit significant, negative associations between YPI and visits to the doctor in the past year (r = − 0.16, P = 0.04) and between YPI and moderate-heavy physical activity (r = − 0.20, P = 0.009). Thus, with greater YPI, there was a decrease in the number of doctor visits, as well as the number of minutes per day of physical activity. No other correlations were significant, indicating that all other differences between the two groups were statistically independent of YPI.
DISCUSSION
The purpose of this study was to compare health, participation and life satisfaction outcomes between individuals with a paediatric-versus adult-sustained SCI. Contrary to hypothesis, individuals injured in their paediatric years reported better long-term health in terms of less pain, greater functional independence and fewer visits to a physician over the past year. Yet, as hypothesised, adults who sustained a paediatric SCI had higher scores on measures of social, occupational and physical activity participation.
Although a previous study reported greater odds of mortality for adults who sustained an SCI during their childhood/youth, 13 we found that adults with a paediatric-sustained SCI reported more positive scores on measures of health outcomes than did those who sustained an SCI during adulthood. It is possible that our health-related outcome measures-pain, function, physician visits-did not capture factors that might be associated with increased risk for mortality. For instance, Shavelle et al. 13 suggested that there may be metabolic effects or compromised organ development among people who sustain an SCI in childhood, which could increase risk of mortality. Further research is needed to address this issue and to determine whether people with paediatric-versus adult-sustained SCI differ on risk factors for metabolic syndrome, cardiovascular disease, diabetes and other conditions linked with mortality.
Nevertheless, our results suggest that, on some health-related dimensions, adults who sustained an SCI during their paediatric years fare better than those who were injured in adulthood. Those with youth-sustained SCI reported less pain and higher functional independence than the adult-sustained sample. One plausible explanation for these findings is that physical activity and fitness have been shown to be negatively correlated with pain 37 and functional independence outcomes, 38 and the cohort injured during childhood/ youth was more physically active than that injured in adulthood. It should be noted, however, that the between-group differences in moderate-heavy physical activity as well as physician visits were related to YPI and need to be interpreted with caution. Selfmanagement of one's health and health-related behaviours may improve with time and experience living with an SCI.
Consistent with previous literature, 14 adults who sustained a paediatric SCI also scored higher on measures of participation. These results may reflect differences in the availability of support for reintegration for children/youth versus adults. For example, schoolbased accommodations are often legally mandated for students with SCI and other disabilities. In contrast, adults with SCI typically experience numerous barriers to returning to work, such as lack of transportation, need for on-the-job support, requirements for job accommodations, 39 and negative stereotypes and misperceptions about hiring a person with a disability. Thus the reintegration of a person with SCI into community life may be more comprehensive when the point of re-entry is school rather than the workforce and could explain why those with paediatric-sustained SCI scored higher on measures of social and employment participation than those with an adult-sustained SCI. Strategies directed at policy, organisational and community levels to facilitate re-entry into the workforce could alleviate disparities in social and employment participation observed among those who have sustained an SCI in adulthood. For instance, a Dutch survey of 57 people with chronic SCI examined the process of reintegration into paid work following a traumatic SCI. Results supported such indicators as patient expectations to resume work, vocational retraining and job adaptation and modifications are associated with higher employment rates. 40 In particular, it has been suggested that the rehabilitation team can have an active role in forming a reintegration plan in conjunction with the patient and the employer. 40 Interestingly, even though physical activity was negatively correlated with YPI, and those who were injured in childhood/youth had been injured for longer, this group still reported greater participation in physical activity than the group injured during adulthood. As with employment, there may be more support and opportunities in the school and community for children with disabilities to participate in physical activity than there are for adults with disabilities. For example, children with disabilities have opportunities for adapted forms of physical education during the school day. 41, 42 It should be noted, however, that although those with paediatricsustained injury reported better health and participation outcomes than those with adult-sustained injury, compared with national normative data for the general population, both groups reported worse scores for all measures. 1 Disparities in participation between able-bodied and people with SCI samples further highlight the need for more effective reintegration strategies.
With regard to depression, our findings were consistent with a previous study that found no differences in depressive symptomatology between adults who incurred an SCI in childhood versus adulthood and who were matched for injury time and severity. 15 Overall, scores on the depression measure were relatively low in both the adult-and youth-sustained SCI samples. Nevertheless, these depressive symptom scores are higher than those reported for the able-bodied normative scores. Thus it remains that efforts should be devoted to improving the mental well-being of people with SCI.
Given the better health and participation outcomes reported by those who incurred a paediatric SCI, it is somewhat surprising that there were no between-group differences in perceived health status or life satisfaction. However, perceived health status and life satisfaction are relatively global measures of well-being. 43 It is possible that, when formulating these global perceptions, respondents took into account other factors (for example, diagnoses of secondary health conditions, mobility, the ability to fulfil social roles) that are known to influence life satisfaction and other aspects of well-being in people with SCI 43,44 but were not measured in the present study. Further research is needed to determine whether there are differences in these factors as a function of paediatric-versus adultsustained SCI.
CONCLUSION
Overall, this study has generated new knowledge regarding differences in health-and participation-related outcomes for those who sustained an SCI in childhood/youth versus adulthood. Moreover, the study methods addressed several limitations of previous work, and the results provide a basis for future investigations of differences between these two SCI sub-groups. A limitation to the study is that the sample was drawn from a single province in Canada. The results may not be generalisable to other provinces or countries where reintegration strategies differ for children and adults. In addition, because of the cross-sectional study design, it is not possible to determine what causes the observed differences or how they develop over time. Nevertheless, the finding of more positive scores on measures of health and participation outcomes reported by those with paediatricin comparison to adult-sustained SCI suggest that these domains may be better supported for children/youth who sustain an SCI than for adults. However, the need for adult reintegration supports should not detract from the ongoing support needed for those with paediatricsustained injury, whose outcomes are still well below values reported in the able-bodied population.
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